is study focuses on the characterization of historical drought occurrences in the Horné Požitavie region of Slovakia over the period 1966-2013 using Standardized Precipitation-Evapotranspiration Index (SPEI). Trend analyses were evaluated by the Mann-Kendall (MK) test as well as cumulative sum of rank difference (CRD) test. e results showed that drought occurs in the region regularly (recurrent climate feature), while the trend analysis indicated the trend toward more arid climatic conditions. However, CRD trend analyses showed that the subtrend changed direction toward less drier conditions in the late 1980s and early 1990s. Analyses of SPEI trends in individual months showed a decreasing trend of drought occurrences during the cold months of the year (i.e., October to March), while an increasing trend was indicated from April to August. e evaluation of the impact of drought on agricultural production based on the oilseed rape yield indicated that drought represents a significant natural risk for the agrarian sector of the region. In addition, August value of the SPEI for six months was evaluated as a good indicator of drought impacts on agriculture. e trend analyses revealed no significant increase of drought impacts on agricultural production within the studied period.
Introduction
Drought is a natural disaster that affects several aspects of the human society. Because drought is a creeping phenomenon (gradual unnoticeable onset), its impacts could be devastating [1] . is gradual onset of drought results from the cumulative precipitation deficit that could be worsened by evapotranspiration total, which represents a passive component of climatic water balance [2] .
Because of this, drought episodes have wide-range impacts [3, 4] . Extreme forest fires in Mediterranean [5] , hydrological drought throughout Europe [6] , or frequent agricultural drought in Central Europe [7, 8] are demonstration of some drought impacts. In case of prolonged drought episodes, socioeconomic and pure economic losses become visible [9] [10] [11] .
Because of this, identifying the historical patterns, trends, and impacts of droughts provides valuable information for disaster prevention and proactive activities that are aimed at mitigating droughts and reducing vulnerability of the society in the future [12] .
Prolonged and devastating drought episodes in last few decades have been thoroughly studied [9, 11, [13] [14] [15] . ese studies are mostly carried out using a variety of drought indices and indicators based on specific application and location [4, [16] [17] [18] . Among the variety of indices, Standardized Precipitation Index (SPI) [19] , Standardized Precipitation-Evapotranspiration Index (SPEI) [20] , and Palmer Drought Severity Index (PDSI) [21] are frequently used.
However, much of the research activities have focused on drought monitoring and its indication and less on the drought impact assessment on the affected sectors [22] except agriculture [8, [23] [24] [25] [26] [27] .
Hydrological drought was discussed by Zeleňáková et al. [28] , precipitation and temperature trends were discussed by Melo et al. [29] and Zeleňáková et al. [30] , and meteorological drought was assessed by Labudová et al. [31] . Palmer Drought Severity Index has been applied by Zuzulová anď Siška [32] in order to identify drought in Western Slovakia. Meteorological drought occurrence in Tatra National Park was analyzed by Vido et al. [33] , and drought in altitudinal vegetation zones of Slovakia was analyzed byŠkvarenina et al. [34] .
Although this drought impact assessment has been also carried out, ecological aspects of drought occurrence have been analyzed byŠustek and Vido [35, 36] , drought impacts on forest ecosystems were analyzed by Nalevanková et al. [37] andŠkvareninová et al. [38] , and application of the SPI in forest drought assessment was carried out by Vido et al. [39] .
However, agricultural drought assessment in Slovakia has previously been analyzed rarely. Spatial aspects of agricultural drought have been assessed by Takáč et al. [40] , and comparison of the SPI and SPEI applicability for agricultural drought impact assessment in selected lowland areas has been done by Labudová et al. [25] .
is is interesting because these analyses were widely assessed in the adjacent countries [8, 24, 26, 27] . e region of interest is located at the northeastern border of the geomorphological unit Danubian Lowland. e region is well known as agricultural and wine lands (Nitra wine region). In addition, a significant part of the population is employed in agriculture. In the region, also Arborétum Mlyňany is situated as a unique workplace of the Slovak Academy of Sciences (SAS) and part of the network of International Phenological Gardens (IPG). Because of these natural, social, and economical features, the region represents an area that is potentially strongly threatened by drought.
Despite this, the region of Horné Požitavie was out of drought assessment interest. erefore, we decided to analyze drought within the period 1966-2013 based on data from the meteorological station located in Arborétum Mlyňany (SAS) (latitude 48.322°N, longitude 18.369°E, and altitude 180 m a.s.l.). e objectives of this study are (i) to generate the historical SPEI values for the period 1966-2013 to identify the drought occurrences, (ii) to identify the drought trends during the examined period at a monthly time step, and (iii) to examine the drought impact on agricultural production of the region using the oilseed rape as a case study.
Materials and Methods

Study Area.
e Horné Požitavie region is located at the northeastern border of the geomorphological unit Danubian Lowland. e region has wavy relief compared to central Danubian Lowland with a flat geomorphology. e area has varied geological substrates (clay, gravel, and sands), which are covered by Quaternary sediments (loess) and very fertile soils (black and brown earths). Horné Požitavie is a relatively homogeneous region from the climatological point of view because of the small area (600 km 2 ) and low altitudinal amplitude (from 140 to 280 m above the sea level) [41] . e annual average air temperature of the area is 9.73°C. e average air temperature is 20.2°C in July (warmest month) and −1.2°C in January (coldest month). e absolute maximum of air temperature (38.3°C) was recorded on August 8, 2013, and the same maximum was earlier observed on July 20, 2007. e historical record of minimum temperature (−27.2°C) was observed on January 13, 1987. e annual average precipitation total is 584 mm. e average precipitation total from April to September is 336 mm. e absolute maximum of daily precipitation total (65.2 mm) was recorded on June 1, 2010 [29] .
Because of the specific climate and fertile soils, landscape of the region is used mainly for agriculture, wine production, and agrotourism. In addition, Arborétum Mlyňany belonging to the International Phenological Gardens (IPG) network contributes to the landscape diversity of the region. e arboretum was founded in 1892 as one of the first largescale (40 ha) collections of evergreen trees in Central Europe [41] .
Data.
Meteorological data were obtained from the meteorological station situated in Arborétum Mlyňany ( Figure 1 ). e meteorological station was established as a representative climatological station for the region [41, 42] . For study purposes, monthly precipitation totals and monthly mean air temperatures were obtained from the meteorological station (operated by the Slovak Hydrometeorological Institute) in Arborétum Mlyňany for the period from 1966 to 2013.
Preliminary data processes (i.e., quality check, homogenization, and preparation for the end user) were carried out by the Slovak Hydrometeorological Institute according to internal and international standards of the World Meteorological Organization [43] . Crop yield data applied in this study were obtained from the Statistical Office of the Slovak Republic.
Standardized Precipitation-Evapotranspiration Index (SPEI).
e SPEI is a relatively new drought index [20] . e principle of its calculation is based on Standardized Precipitation Index (SPI) [19] , which evaluates the deviations of precipitation from the long-term normal at different time scales (usually from 1 to 24 months). e SPI has long been used for drought monitoring in several countries in the world [44] . One of the limitations of the SPI is that it does not include the passive components of the hydrological regime (i.e., evapotranspiration). Vicente-Serrano et al. [20] used both precipitation and potential evapotranspiration (PET) to generate the SPEI values that include the deviation 2
Advances in Meteorology of the whole climatic balance (P-PET) from the normal (i.e., positive values represent positive balance, and vice versa). Following the methodology of Vicente-Serrano et al. [20] , a drought episode starts (similar to the SPI methodology) when a negative value of the index appears and lasts until the first positive value. However, it is required that the value during the specific episode must reach or exceed −1 at least one month. e calculation of the potential evapotranspiration using the SPEI is based on the equation of ornthwait [45] . Calculation of the SPEI requires a time series of at least thirty years of monthly average air temperatures and monthly precipitation totals from each station. In this study, we calculated the index for the Horné Požitavie region using the climatic values from the station in Arborétum Mlyňany from 1966 to 2013.
In this study, we evaluated drought using 1-, 6-, and 12month SPEIs. e 1-month SPEI was used to analyze the trends of aridity and humidity during individual months. e 1-month SPEI was also used to identify a month or a combination of months that were critical for the oilseed rape production. A more detailed description of this procedure is given below. e 12-month SPEI was used to evaluate the occurrence and the trends of long-term droughts. e application of the 12-month SPEI is based on the hypothesis that it could show a relatively long-term (a year) cumulative drought impact (negative climatic balance). In addition, according to Heim [46] , social and economic drought could be revealed over 12 months.
e character of such a long-term drought negatively affects the whole set of human activities and needs, starting from the lack or high prices of agricultural and food products [47] , through the reduction of operational efficiency of agricultural enterprises, leading to the dismissal of employees [48] , up to the critical impacts on water management, such as a significant drop in the water level of large water reservoirs [49] , which leads to a forced reduction in the flow of watercourses with consequences in the dependent industry, or directly in the supply of drinking water to the population [50] . However, it must be noted that the time scale of 12 months was determined arbitrarily, after a critical evaluation of available scientific papers and empirical information about various drought impacts in different sectors of the economy and the environment in the Slovak Republic. Following the published methodology [20] , we chose −1.5 as a threshold value of the SPEI that represented extreme drought (2.3% of all cases).
For this study, we used log-logistic distribution function in SPEI computation as originally proposed by Vicente-Serrano et al. [20] .
Since the meteorological station in Arborétum Mlyňany cooperates with the phenological station in Arborétum Mlyňany as a part of the network of International Phenological Gardens (IPG), we considered to keep the SPEI computation method in the original form to be comparable with other potential studies in the future. However, after considering the findings of Stagge et al. [51, 52] and Vicente-Serrano and Beguería [53] , we used the Shapiro-Wilk test [54] to evaluate the normality of the computed SPEI. All the computed SPEIs were normally distributed (not shown), and therefore, the log-logistic distribution function was applied.
Trend Analyses.
Two nonparametric methods for trend analyses were applied: Advances in Meteorology written by Onyutha [58] , the Mann-Kendall test is a pure statistical method, so there are not enough insights about specifics of the studied trends. us, in cases where trend results are to be applicable for decision on operational practices, it is necessary to know more about trend behaviour on a temporal scale. erefore, we decided to use also the CRD test. is method combines both statistical and graphical approaches in trend analyses, and therefore, it is possible to interpret computed trend analyses in a detailed manner. A detailed description of the method and computation procedures is in the study by Onyutha [58, 60, 61] .
A combination of the CRD test with the MK test is able to bring deep insights into trend behaviour (i.e., cyclical anomalies and abrupt changes in trend).
In our case, we used rescaled series and CRD plots of the SPEIs. Computation of the CRD was carried out using the CRD-NAIM v3 tool, which was downloaded together with its user manual from the link https://sites.google.com/site/ conyutha/tools-to-download (accessed on July 31, 2018).
e computations based on monthly scale CRD parameters were put in the tool as follows: e MK test was used as a general indicator of trend toward aridity or humidity, and CRD graphical outputs were used as an additional indicator of changes in trend directions throughout the studied period. For the MK test, the significance level was by default set at α � 0.05. However, in order to gain sensitive information on trend significance (in trend detection of individual months), trends were tested from α � 0.05 to α � 0.25.
Impacts of Drought on Agricultural Production.
e evaluation of the drought impact on agricultural production in the Horné Požitavie region was performed by applying a modified method [9] based on searching for the highest and logical correlation (from the agricultural point of view) between the values of the SPEI representing individual months or a combination of months and crop yield (t/ha) in the particular year.
is method was already applied by several authors [8, [23] [24] [25] [26] [27] . We found the highest correlation of the 1-month SPEI and oilseed rape yield (t/ha) in the period starting from March to August between the years 1985 and 2012. Correlation between the SPEI and the oilseed rape yield (t/ha) R 2 was 0.4005. Based on these results, we used an August value of the SPEI for six months to express the impact of drought on agricultural production. e reason for using a shorter period for the correlation analysis in comparison to SPEI data series was the limited availability of statistical data on oilseed rape yield in the region. Figure 2 presents the correlation of oilseed rape yield (t/ha) and August values of the SPEI for six months. e correlation is significantly biased by the year 2010, in which the precipitation was excessive. Because of this, the year 2010 was considered an outlier and omitted in the correlation analyses. e correlation of the SPEI was significant at the α � 0.05 significance level. In this case, statistical significance was evaluated by a significance test of correlation coefficient. It is to be noted that a long-term episode of drought could have undetectable and unclear impacts in real conditions that lead to damages immediately after the drought occurrence. e weather course and timing of the drought episode are therefore important. For example, an episode of drought in December has relatively latent impacts on agricultural production or some ecological relationships but can rapidly reduce water levels in water reservoirs and the groundwater level. is event is called "green drought" [62] . However, it is probable that, in spite of no immediately evident drought consequences in the dormancy period, the drought cumulation can result in real and quantifiable impacts in next months, if the weather course is unfavourable. Such a situation occurred in 2011 and 2012 in eastern and northern Slovakia, when an extreme reduction of water reserves in big water dams of Liptovská Mara, Ružín, and Domaša was recorded [49] . e trend analysis of the time series of the 12-month SPEI revealed the continuing decline in the number of relatively humid episodes and the increase in the number of dry episodes over the examined period. e MK trend test proved the significance of the trend at the α � 0.05 significance level. Nevertheless, the question of causes of this arid trend needs to be clarified because the results of Bell et al. [62] showed that the precipitation fluctuations at this station had a balanced trend over the same period ). e answer follows from the comparison of the long-term trend of average annual air temperature and the trend of annual precipitation totals at the station (Figure 4) . Figure 4 shows that the difference between conclusions of this study and of Vido et al. [63] (based on Standardized Precipitation Index only) results from the usage of different indexes and different interpretations. is indicates that the SPEI is much more suitable for drought analysis from the viewpoint of a significant increase in air temperature during the last decades leading to a higher evapotranspiration. e 
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results of the trend analysis suggest unfavourable prospects for the region in connection with the occurrence of drought episodes. From this perspective, future development and use of regional natural resources sensitive to drought becomes questionable. Of course, this state could be moderated by additional financial investment to irrigation, better technology of land use, and rationalisation of natural resource use. If pessimistic scenarios of the development of climate change in the region [64] become reality, the threat for the social and economic sector would potentially significantly increase, which should be dealt with by the private particular state and public administration. Despite a significant general trend of the SPEI time series confirmed by the MK test, the CRD test was carried out in order to gain detailed information on trend behaviour ( Figure 5 ). Figure 5 (a) confirmed a general trend of the SPEI toward drier conditions. Although this CRD plot ( Figure 5(b) ) signalised fluctuation of the trend in the late 1980s and early 1990s, we argue that this could indicate regional alternation of weather circulation patterns, what was already confirmed in [30, 33, 65, 66] . In addition, Faško et al. [65] , Niedźwiedź [66] , and Pekarova et al. [67] imply that these atmospheric circulation patterns are cyclic, with an approximately 30-year period.
Despite this, we argue that these cyclic changes will be marginal in comparison to the general drought trend because of rising temperatures (as shown in Figure 4 ) in the past as well as the temperature trend extrapolated in the future [29] . Period 1966 Period -2013 and Agricultural Impacts. Trend analysis of SPEI values by individual months in the period 1966-2013 was performed with the aim to examine their positive (humid trend), negative, or unchanged tendencies in relation to the frequencies of drought occurrence. e results showed that, during the analysed period, the first three months of the year showed an increasing trend toward a more humid climate; although this trend was not significant in January and February, it was significant only at the α � 0.25 significance level in March. A significant difference and trend were observed in April, when we confirmed a significant increase (α � 0.05) of the number of dry periods, i.e., arid trend. In May, we found a nonsignificant trend indicating the improved climate balance in relation to drought. All summer months (June, July, and August) showed arid trends with statistical significance between α � 0.25 and α � 0.1. In September and October, we did not record any changes in the occurrence frequency of dry or humid episodes. In November, we found decreasing (arid), statistically little significant trend (α � 0.25). e end of the year corresponded with the projected climate change scenarios for the region in winter months [64] , i.e., humid trend, but was statistically insignificant (Table 1 ). e trends of the months in the period between April and August corresponded with the results of Lapin et al. [64] , who analyzed the development of air moisture deficit or the increase of evapotranspiration in the region. e significant arid trend in April was the main warning signal indicating the adverse projection of the risk of drought in spring months under both optimistic and pessimistic climate scenarios in the future. Occurrences of the arid trend in April, or in spring months, were in accordance with the published results [28, 30, 68] . Since April is one of the most important months from the agricultural viewpoint [7, 27] and because of spring sowing and restoration of crops after winter, we consider this information very important. e evaluation of the drought impact on agricultural production in the region expressed by the correlation between August values of the 6-month SPEI and hectare yields of oilseed rape showed a relatively tight relationship of these characteristics (Figure 2) .
Trend Analyses of SPEI by Individual Months in the
is indicates that the climate balance in March to August, i.e., the balance of the growing season, has the greatest effect on the estimation of drought impacts. is was confirmed by Potopová et al. [7, 27] and Hlavinka et al. [8] . On the basis of the presented findings, we created a time series of August for the 6-month SPEI ( Figure 6 ). e analysis revealed the drop in the yield of oilseed rape or agricultural production due to drought episodes in 1967, 1968, 1983, 1991, 1992, 1998, 2000, 2003, 2007, and 2012 . Smaller reductions occurred also in other periods, but listed are only those years, when the value of the index reached or exceeded −1. However, the MK test has not confirmed a trend at α � 0.05. e comparison of the results with the data obtained from the agricultural enterprise in the Neverice village confirmed the hypothesis and the selected methodology.
Horňáček [69] presents the impacts of drought on the agricultural enterprise from 2000 to 2012. In 2000 (the index was −1.34) and 2003 (the index was −1.86), the effects of drought required establishment of a temporary water reservoir, construction of a water-feeding machine for livestock, and additional feeding of animals due to the lack of natural grazing. ese measures affected the operation economy of the farm company. e drought in 2012 resulted in small growth of agricultural crops, which led to low yields.
It is also interesting to compare 6-month SPEI values with the published impacts of drought on the trees in Arborétum Mlyňany. e severe drought in 1983 (SPEI −1.27) caused the reduction of tree species resilience against diseases and pests (their increment and seed fertility were reduced) and the overall weakening of physiological activity of tree species (mainly aged trees, more sensitive evergreen trees, etc.), which created favorable disposition for secondary biotic pests (root rot, wood-destroying fungi, secondary insect pests, etc.) [70] . Benčať et al. [71] also stated that particularly unfavourable situation in the growing season of 1983 required a considerable financial investment to perform rescue works in the arboretum.
Our results revealed the suitability of the selected methodological approach for examining drought impacts not only on agriculture but also on forestry or regional ecological relationships. Based on this, we can state that, in 1966-2013, we observed a decreasing trend of the 6-month 6 Advances in Meteorology SPEI for August toward more arid climate. In connection with the expected development [29, 62] , it may lead to a significant increase in the risk of drought for agriculture, forestry, landscape management, and nature conservation in the region. However, the MK test has not confirmed this negative trend at α � 0.05. August SPEI for 6 months 
Conclusions
e trend analyses showed that drought occurs in the region regularly (recurrent climate feature), while the trend analysis indicated the trend toward more arid climatic conditions. However, CRD trend analyses showed that the subtrend changed direction toward less drier conditions in the late 1980s and early 1990s.
is can indicate the changing weather circulation pattern in the region. Based on results, we argue that this change has only marginal influence on general drought trend (trend toward aridity). e analysis of the SPEI trend in individual months showed a correspondence of our results with the published works from the area of the regional models of climate change. Analyses also showed more humid conditions in winter and drier conditions in spring and summer. As the drought trend of April should be considered the most important conclusion of the drought trend in individual months, April is one of the most important (if not the most important) months from the agricultural viewpoint (sowing, crop restoration after winter, etc.). e April SPEI trend showed a very negative trend (toward dry conditions), which can have consecutive impacts on agriculture and socioeconomic structure of the region. e SPEI was used as an indicator of drought impacts on agriculture. Our results showed that the most significant period of year in relation to drought impacts on agriculture is March to August. Because of this, we applied the 6-month SPEI for August in trend analyses in order to gain the trend of drought influence on agriculture within the period 1966-2013.
Trend analyses showed a tendency toward drier conditions within the selected period, but the MK test has not confirmed this tendency at α � 0.05. erefore, we argue that significant indication of worsening agricultural conditions due to drought (6-month aridity trend of the SPEI for August) cannot be convincingly confirmed by our results.
However, the analysis proved that drought occurrence has severe impacts on the agrarian sector within the region.
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